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@ Photaelectron image projection apparatus. 

@ A photoeiectron image projection apparatus has a device 
t30, 50) for detecting an image of a pattern of a mask (4) within a 
predetermined projection region of the mask. An image signal 
describing the detected image is compared with a reference 
image signal which is known from the pattern of the mask, and a 
defect in the projection pattern is detected when the two 
compared image signals differ. 
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Description 

PHOTOELECTRON IMAGE 



BACKGROUND OF THE INVENTION 

5 

The present invention generally relates to 
photoelectron image projection apparatuses, and 
more particularly to a photoelectron image projec- 
tion apparatus which projects a pattern of a mask 
onto a wafer by irradiating photoelectrons released 70 
from the mask which is deposited with a photoelec- 
tric layer. 

As a fine pattern technique of producing a 
semiconductor integrated circuit such as a very 
large scale integrated circuit (VLSI), there is an 75 
exposure technique in which a fine pattern is 
exposed on a wafer. A photoelectron image projec- 
tion apparatus which uses photoelectron image 
projection has a high resolution, and active research 
is made on the new exposure technique as enabling 20 
a finer pattern projection. The photoelectron image 
projection apparatus has an advantage in that the 
through-put is high because it uses the projection 
system, and improvements on the photoelectron 
image projection apparatus are highly desired. 25 

FIG.1 generally shows a conventional photoelec- 
tron image projection apparatus, and FIG.2 shows a 
mask which is used on the photoelectron image 
projection apparatus. 

In FIG.1 , the image projection is carried out inside 30 
a projection chamber 1 under vacuum, and a wafer 
stage 3 and a mask holder 5 are arranged within the 
projection chamber 1. The wafer stage 3 holds a 
wafer 2 and moves to change a projection position 
on the wafer 2. The mask holder 5 holds a mask 4 at a 35 
position confronting the wafer 2. A high voltage is 
applied to the mask 4 by a high voltage source 6, and 
a magnetic field is applied, in a direction of the 
mask 4 to the wafer 2 by coils 7. A light source 8 for 
emitting an ultraviolet light L and a shutter 9 are 40 
arranged outside a window 1a which is provided in 
the projection chamber 1 at a portion above the 
mask 4. 

As shown in FIG.2. a patterned opaque layer 4b for 
blocking the ultraviolet light L is formed on a 45 
substrate 4a which transmits the ultraviolet light L A 
photoelectric layer 4c which releases the photoelec- 
trons when irradiated with the ultraviolet light L is 
deposited on the entire side of the substrate 4a 
provided with the patterned opaque layer 4b. 50 

The ultraviolet light L from the light source 8 is 
irradiated on the mask 4 from the side of the 
substrate 4a when the shutter 9 is open, and the 
ultraviolet light L which is not blocked by the 
patterned opaque layer 4b reaches the photoelectric 55 
layer 4c so that photoelectrons E are released from 
portions of the photoelectric layer 4c receiving the 
photoelectrons E. The photoelectrons E are accel- 
erated by the electrical field and the magnetic field 
between the mask 4 and the wafer 2 and are 60 
converged on the wafer 2. As a result, a pattern 
formed by the portions which release the photoelec- 
trons E is projected onto the wafer 2. 



JECTION APPARATUS 

The photoelectric layer 4c of the mask 4 uses a 
material which includes cesium as one of the 
elements and has a large photoelectric effect and 
cannot maintain a stable state under the atmos- 
pheric air. Hence, the photoelectric layer 4c is 
deposited by a vapor deposition under vacuum and 
then used for the projection without exposing the 
photoelectric layer 4c to the atmospheric air. 

Accordingly, in FIG.1 . a vapor deposition chamber 
11 for depositing the photoelectric layer 4c under 
vacuum is connected to the projection chamber! A 
vapor deposition source 12 of the photoelectric layer 
4c is provided within the vapor deposition chamber 
11. 

In the conventional photoelectron image projec- 
tion apparatus, the intensity distribution of the 
photoelectrons E within the projection, pattern 
becomes non-uniform and causes a non-uniform 
projection of the pattern when the distribution of the 
photoelectric layer 4c is non-uniform: For example, 
the non-uniform distribution of the photoelectric 
layer 4c may be caused by the deposition state of 
the photoelectric layer 4c, that is, the contamination 
of the photoelectric layer 4c and the irregular 
thickness of the photoelectric layer 4c. When the 
non-uniform projection of the pattern occurs, there 
are problems in that the obtained pattern is defective 
and this results in the loss of time and waste of 
materia!. 

On the other hand, the mask 4 deposited with the 
photoelectric layer 4c inside the deposition chamber 
1 1 is used as it is for the projection in the projection 
chamber 1. For this reason, a defect is generated in 
the obtained pattern when a foreign substance such 
as a dust particle adheres onto the mask 4 when 
being transported or subjected to the vapor deposi- 
tion of the photoelectric layer 4c. Again, this results 
in the loss of time and waste of material. 

Therefore, the conventional photoelectron image 
projection apparatus has no means of checking the 
projection pattern and a defect in the pattern can 
only be detected by actually checking the pattern 
formed on the wafer 2. Thus, when a defect is 
detected in the pattern formed on the wafer 2, the 
photoelectron image projection apparatus must 
once be stopped to remove the cause of the defect, 
that is, replace the defective mask 4 by a new mask, 
and the pattern formed on the next wafer must again 
be checked for defects. As a result, the production 
efficiency of the conventional photoelectron image 
projection apparatus is poor. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful photoelec- 
tron image projection apparatus in which the 
problems described heretofore are eliminated. 

Another and more specific object of the present 
invention is to. provide a photoelectron image 
projection apparatus having means for detecting a 
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photoelectron intensity distribution within a pre- 
determined projection region of a mask, and means 
for detecting a defect in the projection pattern by 
comparing an image signar describing the detected 
photoelectron intensity distribution and a reference 
image signal which describes a reference distribu- 
tion which is known from a pattern of the mask. 
According to the apparatus of the present invention, 
it is possible to detect a defect such as a 
non-uniform distribution of a photoelectric layer of 
the mask before the projection is actually carried 
out. Therefore, it is possible to prevent loss of time 
and waste of material, and form the pattern on a 
wafer with a high production efficiency. 

Still another object of the present invention is to 
provide a photoelectron image projection apparatus 
having means for detecting an enlarged image of a 
pattern of a mask within each of divided projection 
regions of the mask, and means for detecting a 
defect in the projection pattern by comparing an 
image signal describing each detected enlarged 
image and a reference image signal describing a 
reference image which is known from a pattern of 
the mask. According to the apparatus of the present 
invention, it is possible to detect a defect in the 
pattern of the mask before the projection is actually 
carried out. Thus, it is possible to prevent loss of 
time and waste of material, and form the pattern on a 
wafer with a high production efficiency. 

Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a side view in cross section generally 
showing the conventional photoelectron image pro- 
jection apparatus; 

F1G.2 is a side view showing a mask used on the 
conventional photoelectron image projection ap- 
paratus shown in FiG.1; 

FIG.3 is a side view in cross section generally 
showing a first embodiment of the photoelectron 
image projection apparatus according to the present 
invention; 

FIG.4 shows a pattern detecting device of the 
photoelectron image projection apparatus shown in 
FIG.3 on an enlarged scale; 

FIG.5 is a side view showing a first embodiment of 
a two-dimensional electron beam detector of the 
photoelectron image projection apparatus shown in 
FIG.3; 

FIG.6 is a side view showing a second embodi- 
ment of a two-dimensional electron beam detector 
of the photoelectron image projection apparatus 
shown in FIG.3; 

FIG7 is a side view showing a third embodiment of 
a two-dimensional electron beam detector of the 
photoelectron image projection apparatus shown in 
FIG.3; 

FIG.8 shows a part of the first embodiment of the 
photoelectron image projection apparatus wherein 
the defect of the projection pattern is detected; 

FIG.9 is a side view in cross section generally 



showing a modification of the first embodiment of 
the photoelectron image projection apparatus ac- 
cording to the present invention; 

FIG. 10 is a perspective view showing the relation- 
5 ship of a mask and a two-dimensional electron beam 
detector of a second embodiment of the photoelec- 
tron image projection apparatus according to the 
present invention; 

FIG.1 1 is a side view showing a first embodiment 
W of an essential part of the photoelectron image 
projection apparatus shown in FIG. 10; 

FIG. 12 is a side view showing a second embodi- 
ment of an essential parr of the photoelectron image 
projection apparatus shown in F1G.10; and 
15 FIG. 13 is a side view showing a third embodiment 
of an essential part of the photoelectron image 
projection apparatus shown in FIG. 10. 

DETAILED DESCRIPTION 

20 

FIG.3 shows a first embodiment of the photoelec- 
tron image projection apparatus according to the 
present invention. In FIG.3, those parts which are 
essentially the same as those corresponding parts in 

25 FIG.1 are designated by the same reference num- 
erals, and a description thereof will be omitted. In 
this embodiment, a pattern detecting chamber 21 is 
provided between the projection chamber 1 and the 
vapor deposition chamber 11, and a pattern detect- 

30 ing device 20 is provided at the pattern detecting 
chamber 21. FIG.4 shows the pattern detecting 
device 20 on an enlarged scale. 

The pattern detecting chamber 21 is under 
vacuum and is connected to the projection cham- 

35 ber 1 and the vapor deposition chamber 11. The 
mask 4 shown in FIG. 2 is transported into and out of 
the pattern detecting chamber 21. A mask holder 23, 
an acceleration electrode 26, an electromagnetic 
lens system 27 and at least a projection surface of a 

40 two-dimensional electron beam detector 30 are 
arranged within the pattern detecting chamber 21 . 
The mask holder 23 has a window 23a, and the mask 
holder 23 holds and moves the mask 4 in a direction 
parallel to the surface of the mask 4. The accefera- 

45 tion electrode 26 accelerates the photoelectrons E 
released from a section 4n out of a plurality of 
divided sections of the projection region of the mask 
4 The electromagnetic lens system 27 deflects the 
photoelectrons E so as to enlarge the pattern of the 

50 section 4n, and the enlarged image of the pattern is 
projected on the two-dimensional electron beam 
detector 30. 

In addition, similarly as in the case of the 
projection carried out in the conventional apparatus 

55 described before, a light source 28 and a shutter 29 
are arranged outside the window 21a of the pattern 
detecting chamber 21. The light source 28 emits the 
ultraviolet light L for releasing the photoelectrons E 
from the mask 4. 

60 Accordingly, out of the divided sections of the 
projection region of the mask 4, the section 4n for 
example becomes the subject of the projection and 
the enlarged image of the pattern is projected on the 
two-dimensional electron beam detector 30. The 

65 mask holder 23 moves the mask 4 and successively 
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changes the section which becomes the subject of 
the projection, thereby projecting the enlarged 
image corresponding to the entire projection region 
of the mask 4. 

For example, the size of the section 4n is 0.1 mm 
by 0.1 mm, and the pattern is enlarged by the 
electromagnetic lens system 27 with a magnification 
in the range of of 100 to 500 so that the size of the 
section 4n coincides with the size of the projection 
surface of the two-dimensional electron beam 
detector 30. 

FIG.5 shows a first embodiment of the two-dimen- 
sional electron beam detector 30. As shown, the 
two-dimensional electron beam detector 30 has a 
fluorescent plate 31, a television camera 32 and a 
lens system 33 for optically coupling the fluorescent 
plate 31 and the television camera 32. The fluores- 
cent plate 31 is arranged within the pattern detecting 
chamber 31, and the television camera 32 is 
arranged outside the pattern detecting chamber 31 
through the window 31a. The fluorescent plate 31 
becomes the projection surface of the enlarged 
image formed by the photoetectrons E to display the 
pattern of the enlarged image, and the television 
camera 32 converts the displayed pattern into an 
image signal. It is possible to omit the lens system 33 
if the television camera 32 can directly pick up the 
image from the fluorescent plate 31. 

When the fluorescent plate displays the pattern of 
the enlarged image, the ultraviolet light L transmitted 
through the mask 4 may mix in as a noise. In such a 
case, a light metal film 34 such as an aluminum film 
having a thickness of 1 micron is arranged in front of 
the fluorescent plate 31 so as to cut the light which 
becomes the source of the noise. 

FIG.6 shows a second embodiment of the two- 
dimensional electron beam detector 30. In FIG.6, 
those parts which are the same as those corre- 
sponding parts in FIG.5 are designated by the same 
reference numerals, and a description thereof will be 
omitted. In this embodiment, a two-dimensional 
electron beam multiplier 35 is arranged on top of the 
fluorescent plate 31. For example, the two-dimen- 
sional electron beam multiplier 35 is a microchannel 
plate (MCP) and becomes the projection surface of 
the enlarged image formed by the photoelectrons E. 
The two-dimensional electron beam multiplier 35 
multiplies the intensity of the photoelectrons E at 
each portion within the projection surface so as to 
increase the input with respect to the fluorescent 
plate 31 . The remaining parts of this embodiment are 
identical to those of the first embodiment shown in 
FIG.5. The light metal film 34 is provided according to 
the needs. 

FIG.7 shows a third embodiment of the two- 
dimensional electron beam detector 30. In FIG.7, 
those parts which are the same as those corre- 
sponding parts in FIG.6 are designated by the same 
reference numerals, and a description thereof will be 
omitted. In this embodiment, the two-dimensional 
electron beam multiplier 35 becomes the projection 
surface of the enlarged image, and a two-dimen- 
sional electron beam detecting element 36 such as a 
two-dimensional charge coupled device (CCD) is 
arranged under the two-dimensional electron beam 



multiplier 35. The two-dimensional electron beam 
multiplier 35 and the two-dimensional electron beam 
detecting element 36 are in a body arranged within 
the pattern detecting chamber 21. The two-dimen- 
5 sional electron beam detecting element 36 converts 
the enlarged image formed by the photoelectrons E 
into an image signal in place of the fluorescent plate 
31 and the television camera 32. The light metal film 
34 is provided according to the needs as described 

10 before. 

The resolution of the two-dimensional electron 
beam detector 30 described heretofore is in the 
order of 500 to 1000 picture elements by 500 to 1000 
picture elements. Hence, when the section 4n has 

75 the size of 0.1 mm by 0.1 mm, the resolution with • 
respect to the pattern of the section 4n is in the 
range of 0.2 micron to 0.1 micron. 

FIG.8 shows a part of the first embodiment of the 
photoelectron image projection apparatus wherein 

20 the defect of the projection pattern is detected. The 
output image signal of the two-dimensional electron 
beam detector 30 is supplied to a comparator 41 . 
The comparator 41 is also supplied with a reference 
image signal describing the regular pattern of the 

25 mask 4 from a terminal 42. When the two compared 
image signals coincide in the comparator 41, it is 
detected from an output signal of the comparator 41 
obtained through a terminal 43 that there is no 
defect in the projection pattern formed by the 

30 photoelectrons E released from the mask 4. On the 
other hand, when the two compared image signals 
differ in the comparator 41 , it is detected from the 
output signal of the comparator 41 that there is a 
defect in the projection pattern formed by the 

35 photoelectrons E released from the mask 4. Further- 
more, because the mask 4 is inside the pattern 
detecting chamber 21 when the defect in the 
projection pattern is detected, the photoelectric 
layer 4c of the mask 4 will not be exposed to the 

40 atmospheric air and be deteriorated. 

Therefore, according to the first embodiment of 
the photoelectron image projection apparatus, the 
defect in the projection pattern can be detected 
inside the pattern detecting chamber 21 prior to the 

45 actual exposure carried out in the projection 
chamber 1. Hence, the mask 4 can be changed 
before the actual exposure when a defect is 
detected in the projection pattern, thereby prevent- 
ing loss of time and waste of material, and the 

50 production efficiency is greatly improved over the 
conventional photoelectron image projection ap- 
paratus. In addition, the defect can be detected 
without deteriorating the photoelectric layer 4c of 
the mask 4. 

55 In the first embodiment of the photoelectron 
image projection apparatus, the pattern detecting 
device 20 is separated from the projection chamber 
1. However, it is possible to provide the pattern 
detecting device 20 inside the projection chamber 1 

SO as may be seen in a modification of the first 
embodiment of the photoelectron image projection 
apparatus shown in FIG.9. In FIG.9, those parts 
which are essentially the same as those correspond- 
ing parts in FIG.3 are designated by the same 

65 reference numerals, and a description thereof will be 
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omitted. 

In FIG.9, the light source 8, the shutter 9 and the 
mask holder 5 are used as the light source 28, the 
shutter 29 and the mask holder 23 of the pattern 
detecting device 20. In" addition, the wafer stage 3A 
is designed to hold both the wafer 2 and the 
two-dimensional electron beam detector 30 and can 
move both the wafer 2 and the two-dimensional 
electron beam detector 30 to the position confront- 
ing the mask 4. 

Next, a description will be given of a second 
embodiment of the photoelectron image projection 
apparatus according to the present invention, by 
referring to FIG. 10. FIG. 10, generally shows the 
relationship of the mask 4 and a two-dimensional 
electron beam detector 50 which is provided in place 
of the two-dimensional electron beam detect 30 
shown in FIG.9. The two-dimensional electron beam 
detector 50 is basically the same as the two-dimen- 
sional electron beam detector 30 except that no 
means is provided to enlarge the image in the 
two-dimensional electron beam detector 50. The 
remaining parts of the photoelectron image projec- 
tion apparatus are basically the same as those of the 
modification of the first embodiment shown in FIG.9, 
and description and illustration thereof will be 
omitted. 

In FIG. 10, the ultraviolet light I from the light 
source 28 is irradiated on the mask 4 so as to release 
the photoelectrons E from the mask 4. Accordingly, 
out of projection regions 141 through 144 of the 
mask 4, the entire projection region 141 for example 
becomes the subject of the projection and the 
pattern is projected on the two-dimensional electron 
beam detector 50. The mask holder 23 (5) moves the 
mask 4 and changes the projection region which 
becomes the subject of the projection when a defect 
is detected in the pattern of the projection region 
141 as will be described later. The two-dimensional 
electron beam detector 50 detects the photoelec- 
tron intensity distribution of the projection region 
141 in this case, and the output image signal of the 
two-dimensional electron beam detector 50 is 
supplied to the comparator 41 shown in FIG.8. The 
comparator 41 is also supplied with the reference 
image signal describing the regular photoelectron 
intensity distribution of the projection region 141 of 
the mask 4. When the two compared image signals 
coincide in the comparator 41 , it is detected from the 
output signal of the comparator 41 that there is no 
defect in the projection pattern formed by the 
photoelectrons E released from the mask 4, that is, 
the photoelectric layer 4c of the mask 4 is uniform at 
the projection region 141. On the other hand, when 
the two compared image signals differ in the 
comparator 41, it is detected from the output signal 
of the comparator 41 .that there is a defect in the 
projection pattern formed by the photoelectrons E 
released from the mask 4, that is, the photoelectric 
layer 4c of the mask 4 is non-uniform at the 
projection region 141. Furthermore, because the 
mask 4 is inside the pattern detecting chamber 21 
(1) when the defect in the projection pattern is 
detected, the photoelectric layer 4c of the mask 4 
will not be exposed to the atmospheric air and be 



deteriorated. 

FIG. 11 shows a first embodiment of an essential 
part of the second embodiment of the photoelectron 
image projection apparatus. In this embodiment, the 

5 two-dimensional electron beam detector 50 has a 
fluorescent plate 51 , a television camera 52 and a 
lens system 53 for optically coupling the fluorescent 
plate 51 and the television camera 52. The fluores- 
cent plate 51 is arranged at a position the wafer 2 

10 takes when carrying out the projection. The stage 3A 
replacing the stage 3 of the conventional photoelec- 
tron image projection apparatus holds the wafer 2 
and the fluorescent plate 51 and can move both the 
wafer 2 and the fluorescent plate 51 as indicated by 

15 an arrow to the position confronting the mask 4. The 
positions of the television camera 52 and the lens 
system 53 are fixed. A window 1b is provided in the 
projection chamber 1 which is also used as the 
pattern detecting chamber 21. 

20 The fluorescent plate 51 receives the irradiation cf 
the photoelectrons E from the entire projection 
region 141 of the mask 4, and emits a fluorescent 
light with an intensity distribution dependent on the 
photoelectron intensity distribution. The television 

25 camera 52 converts the intensity distribution into an 
image signal. It is possible to omit the lens system 53 
if the television camera 52 can directly pick up the 
image from the fluorescent plate 51. 
When the fluorescent plate 51 displays the 

30 intensity distribution, the ultraviolet light L trans- 
mitted through the mask 4 may mix in as a noise. In 
such a case, a light metal film 54 such as an 
aluminum film having a thickness of 1 micron is 
arranged in front of the fluorescent plate 51 so as to 

35 cut the light which becomes the source of the noise 
so that only the photoelectrons E reach the 
fluorescent plate 51. 

The photoelectron intensity distribution changes 
depending on the configuration and arrangement of 

40 the pattern of the mask 4 even when the photoelec- 
tric layer 4c of the mask 4 is uniform. Hence, a 
reference image signal corresponding to a reference 
intensity distribution which is anticipated depending 
on only the configuration and arrangement of the 

45 pattern of the mask 4 is obtained beforehand. For 
example, the reference image signal can be obtained 
by use of a television camera and a mask identical to 
the mask 4 but having no photoelectric layer 4c. The 
non-uniformity of the photoelectric layer 4c of the 

50 mask 4 can be detected by comparing the image 
signal from - the television camera 52 and the 
reference image signal. 

Accordingly, after the photoelectric layer 4c is 
deposited on the mask 4, it is possible to detect the 

55 defect (non-uniformity of the photoelectric layer 4c) 
prior to the actual image projection, so as to avoid 
the loss of time and waste of material that would 
occur if the image projection were carried out with 
the defective mask 4. In general, each of the 

60 projection regions 141 through 144 of the mask 4 
correspond to one semiconductor chip. For this 
reason, when the defect is detected with the 
projection region 141 of the mask 4, the projection 
region used can simply be changed to another 

65 projection region which is other than the projection 
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region 141 by moving the holder 23 (5). 

FIG. 12 shows a second embodimant of the 
essential part of the second embodiment of the 
photoelectron image projection apparatus. In 
FiG.12, those parts which are the same as those 
corresponding parts in FIG. 11 are designated by the 
same reference numerals, and a description thereof 
will be omitted. In this embodiment, a two-dimen- 
sional electron beam multiplier 55 is arranged on top 
of the fluorescent plate 51 at a position the wafer 2 
takes at the time of the projection so that the 
photoelectrons E are received from the entire 
projection region 141 of the mask 4. For example, 
the two-dimensional electron beam multiplier 55 is a 
microchannel plate (MCP) and becomes the projec- 
tion surface of the image formed by the photoelec- 
trons E. The two-dimensional electron beam multi- 
plier 55 multiplies the intensity of the photoelectrons 
E at each portion within the projection surface so as 
to increase the input with respect to the fluorescent 
plate 51. The remaining parts of this embodiment are 
identical to those of the first embodiment shown in 
FIG. 11. 

FIG. 13 shows a third embodiment of the essential 
part of the photoelectron image projection appara- 
tus. In FIG.13, those parts which are the same as 
those corresponding parts in FiG.12 are designated 
by the same reference numerals, and a description 
thereof will be omitted. In this embodiment, the 
two-dimensional electron beam multiplier 55 
becomes the projection surface of the image, and a 
two-dimensional electron beam detecting element 
56 such as a two-dimensional charge coupled device 
(CCD) is arranged immediately under the two- 
dimensional electron beam multiplier 55 to con- 
stitute the two-dimensional electron beam detector 
50. The two-dimensional electron beam detecting 
element 56 converts the image formed by the 
photoelectrons E into an image signal in place of the 
fluorescent plate 51 and the television camera 52. 
The light metal film 54 is provided according to the 
needs as described before. The remaining parts of 
this embodiment are identical to those of the second 
embodiment shown in FIG.12. 

In the second embodiment of the photoelectron 
image projection apparatus, the photoelectron in- 
tensity distribution is detected at the position where 
the projection takes place with respect to the 
wafer 2 within the projection chamber 1 . However, it 
is possible to detect the photoelectron intensity 
distribution at a position other than the position the 
wafer 2 takes at the time of the projection, and it is 
also possible to detect the photoelectron intensity 
distribution in a separate chamber which is con- 
nected to the projection chamber 1 similarly as in the 
case of the first embodiment of the photoelectron 
image projection apparatus shown in FIG.L In this 
case, the mutual relationship of the mask 4 and the 
two-dimensional electron beam detector 50 must be 
adjusted including the release and irradiation of the 
photoelectrons E. 

Generally, the non-uniform distribution of the 
photoelectric layer 4c of the mask 4 is not extremely 
fine two-dimensionally. For this reason, when con- 
verging the photoelectrons E in order to detect the 



photoelectron intensity distribution, it is not essen- 
tial that the converging of the photoelectrons E is 
precise as in the case of the image projection. 
Therefore, according to the second embodiment 

5 of the photoelectron image projection apparatus, 
the defect in the projection pattern, that is, the 
non-uniform distribution of the photoelectric layer 4c 
of the mask 4, can be detected prior to the actual 
exposure carried out in the projection chamber 1. 

W Hence, the mask 4 can be changed before the actual 
exposure when a defect is detected in the projection 
pattern, thereby preventing loss of time and waste of 
material, and the production efficiency is greatly 
improved over the conventional photoelectron 

15 image projection apparatus. In addition, the defect 
can be detected without deteriorating the 
photoelectric layer 4c of the mask 4. 

In the first embodiment of the photoelectron 
image projection apparatus, the location of the 

20 pattern detecting chamber 21 is not limited to that 
shown in FIG.3, and the pattern detecting chamber 
21 may be located at a position other than the 
position between the projection chamber 1. and the 
vapor deposition chamber 11. 

25 Further, the present invention is not limited to 
these embodiments, but various variations and 
modifications may be made without departing from 
the scope of the present invention. 

30 

Claims 



35 1 . A photoelectron image projection apparatus for 
projecting an image of a pattern of a mask (4) which 
has a photoelectric layer (4c) onto a wafer (2) by 
releasing photoelectrons (E) from -the mask, said 
photoelectron image projection apparatus compris- 

40 ing a holder (5, 23) for holding the mask, and a 
projection chamber (1) in which the image of the 
pattern of the mask is projected onto the wafer by 
irradiating a light on the mask and releasing the 
photoelectrons from the mask, characterized in that 

45 there are provided: a light source (28, 8) for emitting 
a light (L) ; electron beam detector means (30, 50) for 
detecting a projection pattern within a predeter- 
mined projection region based on photoelectrons 
released and received from the mask (4) caused by 

50 an irradiation of the light from said light source on an 
arbitrary portion (141-144, 4n) of the mask corre- 
sponding to the predetermined projection region 
and for outputting an image signal describing the 
detected projection pattern before the projection is 

55 carried out with respect to the wafer in said 
projection chamber (1); and defect detector means 
(41) for comparing the image signal from said 
electron beam detector means and a reference 
image signal and for detecting a defect in the 

60 projection pattern when the two compared image 
signals differ, said reference Image signal describing 
a regular projection pattern of the mask having no 
defect. 

2. A photoelectron image projection apparatus as 
65 claimed in claim 1 , characterized in that said electron 
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beam detector means has a two-dimensional elec- 
tron beam detector (30, 50) for detecting a 
photoelectron intensity distribution within the pre- 
determined projection region. 

3 A photoelectron image projection apparatus as 
claimed in claim 2. characterized in that said 
two-dimensional electron beam detector includes a 
fluorescent plate (31, 51) for receiving the 
photoelectrons released from the mask caused by 
the irradiation of the light from said light source on 
the arbitrary portion of the mask, and a television 
camera (32. 52) for picking up an image displayed by 
said fluorescent plate. 

4 A photoelectron image projection apparatus as 
claimed in claim 3. characterized in that said 
two-dimensional electron beam detector further 
includes a light metal film (34, 54) provided between 
said light source and said fluorescent plate. 

5 A photoelectron image projection apparatus as 
claimed in claim 3 or 4, characterized in that said 
two-dimensional electron beam detector further 
includes a lens system (33, 53) provided between 
said fluorescent plate and said television camera for 
optically coupling said fluorescent plate and said 
television camera. 

6 A photoelectron image projection apparatus as 
claimed in any of claims 3 to 5, characterized in that 
said two-dimensional electron beam detector further 
includes a two-dimensional electron beam multiplier 
(35, 55) provided between said light source and said 
fluorescent plate. 

7 A photoelectron image projection apparatus as 
claimed in claim 2, characterized in that said 
two-dimensional electron beam detector includes a 
two-dimensional electron beam multiplier (35, 55) for 
receiving the photoelectrons released from the 
mask caused by the irradiation of the light from said 
light source on the arbitrary portion of the mask, and 
a two-dimensional charge coupled device (36, 56) 
for picking up an image received through said 
two-dimensional electron beam multiplier. 

8 A photoelectron image projection apparatus as 
claimed in any of claims 1 to 7, characterized in that 
said arbitrary portion (141-144) of the mask corre- 
sponds to one semiconductor chip, said mask 
having a plurality of portions (141-144) respectively 
corresponding to one semiconductor chip. 

9 A photoelectron image projection apparatus as 
claimed in any of claims 1 to 8, characterized in that 
there is further provided a movable stage (3A) for 
holding both the wafer and said electron beam 
detector means inside said projection chamber, said 
movable stage having a first position where said 
electron beam detector means confronts the mask 
when detecting the defect in the projection pattern 
and having a second position where the wafer 
confronts the mask when carrying out the projection 
with respect to the wafer. 

10 A photoelectron image projection apparatus as 
claimed in any of claims 1 to 9. characterized in that 
said light source (8, 28) is used in common for the 
projection with respect to the wafer. 

11 A photoelectron image projection apparatus as 
claimed in any of claims 1 to 10. characterized in that 
said arbitrary portion (141-144) of the mask corre- 



sponds to one semiconductor chip, said mask 
having a plurality of portions (141-144) respectively 
corresponding to one semiconductor chip, said 
holder (5. 23) being movable, so that a defect can be 
5 detected in each of said plurality of portions of the 
mask. 

12. A photoelectron image projection apparatus as 
claimed in any of claims 1 to 1 1 . characterized in that 
there is further provided a deposition chamber (11) 

W connected to said projection chamber, said deposi- 
tion chamber having means (12) for depositing the 
photoelectric layer of the mask. 

13. A photoelectron image projection apparatus as 
claimed in claim 1, characterized in that there is 

15 further provided enlarging means (26, 27) for 
enlarging the projection pattern of the arbitrary 
portion (4n) of the mask within the predetermined 
projection region, said electron beam detector 
means having a two-dimensional electron beam 

20 detector (30) for detecting the enlarged projection 
pattern. 

14. A photoelectron image projection apparatus as 
claimed in claim 13, characterized in that said 
two-dimensional electron beam detector (30) in- 

25 eludes a fluorescent plate (31) for receiving the 
photoelectrons released from the mask caused by 
the irradiation of the light from said light source on 
the arbitrary portion of the mask, and a television 
camera (32) for picking up an image displayed by 

30 said fluorescent plate. 

15. A photoelectron image projection apparatus as 
claimed in claim 13 or 14, characterized in that said 
two-dimensional electron beam detector (30) further 
includes a light metal film (34) provided between said 

35 light source and said fluorescent plate. 

16 A photoelectron image projection apparatus as 
claimed in any of claims 13 to 15, characterized in 
that said two-dimensional electron beam detector 
(30) further includes a lens system (33) provided 

40 between said fluorescent plate and said television 
camera for optically coupling said fluorescent plate 
and said television camera. 

17 A photoelectron image projection apparatus as 
claimed in any of claims 13 to 16, characterized in 

45 that said two-dimensional electron beam detector 
(30) further includes a two-dimensional electron 
beam multiplier (35) provided between said light 
source and said fluorescent plate. 
18. A photoelectron image projection apparatus as 

50 claimed in claim 13, characterized in that said 
two-dimensional electron beam detector (30) in- 
cludes a two-dimensional electron beam multiplier 
(35) for receiving the photoelectrons released from 
the mask caused by the irradiation of the light from 

55 said light source on the arbitrary portion of the mask, 
and a two-dimensional charge coupled device (36) 
for picking up an image received through said 
two-dimensional electron beam multiplier. 
19 A photoelectron image projection apparatus as 

60 claimed in any of claims 13 to 18. characterized in 
that said arbitrary portion (4n) of the mask corre- 
sponds to a portion of one semiconductor chip, said 
mask having a plurality of portions respectively 
amounting to one semiconductor chip. 

65 20. A photoelectron image projection apparatus as 
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claimed in claim 19. characterized in that said holder 
(5, 23) is movable and moves the mask to success- 
ively change the portion which becomes the subject 
of the projection, thereby projecting the enlarged 
image corresponding to an entire projection region 
of the mask corresponding to one semiconductor 
chip. 

21. A photoelectron image projection apparatus as 
claimed in any of claims 13 to 20. characterized in 
that said electron beam detector means (30) detects 
the projection pattern within the predetermined 
projection region inside a pattern detecting chamber 
(21) which connects to said projection chamber. 

22. A photoelectron image projection apparatus as 
claimed in claim 21, characterized in that there is 



further provided a deposition chamber (11) con- 
nected to said projection chamber, said deposition 
chamber having means (12) for depositing the 
photoelectric layer of the mask. 

5 23. A photoelectron image projection apparatus as 
claimed in claim 22, characterized in that said pattern 
detecting chamber (21) is provided between said 
projection chamber and said deposition chamber. 
24. A photoelectron image projection apparatus as 

10 claimed in any of claims 13 to 22, characterized in 
that said electron beam detector means (30) detects 
the projection pattern within the predetermined 
projection region inside said projection chamber. 
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